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Description

FIELD OF THE INVENTION

[0001] This invention relates to respiratory tract thera-
py. More particularly, this invention relates to an appa-
ratus that heats and humidifies a breathing gas for deliv-
ery to the respiratory tract of a patient.

BACKGROUND OF THE INVENTION

[0002] Conventional methods of delivering gas (e.g.,
air, oxygen, oxygen-enriched air, and other breathing gas
mixtures) to the respiratory tract of a patient often result
in discomfort to the patient, especially when the gases
are delivered over an extended period of time. For ex-
ample, US5031612 describes a system for delivering
warm humidified air to a patient in which pressurized air
is heated to a predetermined temperature and a portion
of the heated air is humidified to substantially 100% rel-
ative humidity. US4838258 describes a hose assembly
for a breathing system having a hose for connection to
an anesthesia machine and a hose for connection to a
breathing mask or an endotracheal tube. US3923057 de-
scribes a system for humidifying a gas in which exhaled
carbon-dioxide laden gases heat a water-filled canister
which humidifies a gas to be inhaled when the gases
react exothermically with a material. US4753758 de-
scribes a respiratory humidifier wherein water is vapor-
ized by direct contact with a heated surface and passes
through a hydrophobic filter that does not permit the pas-
sage of liquid water in order to humidify a breathable gas.
US2004/050386 describes a humidifier apparatus hav-
ing a liquid supply bag in fluid communication with a hu-
midifier cartridge. GB2252515A describes a humidifier
of small volumes of gases having a heater within a water-
containing envelope, the envelope having a microporous
wall permeable to water vapor but not to liquid water,
wherein gas flow is directed over the envelope.
US4648395 describes an oxygen concentrator for sup-
plying enriched oxygen gas having a thermocouple sen-
sor that detects a change in the temperature of inhaled
air and thereupon transmits a signal that allows for the
opening of an electromagnetic valve within a gas pas-
sageway to allow air flow to the patient. A need remains
for improved methods and apparatus for delivering
breathing gas.

BRIEF SUMMARY OF THE INVENTION

[0003] The present invention relates to an apparatus
for providing breathing gas to a patient, as claimed in
independent claim 1. The embodiments disclosed herein
are considered as examples unless defined as embodi-
ments of the invention.
[0004] Further advantageous features are described
in the dependent claims.
[0005] Further, the present disclosure provides a

method for providing breathing gas to a patient that in-
cludes generating a first flow of gas and a second flow
of gas; passing the first flow of gas along a first gas flow
path and the second flow of gas along a second gas flow
path, humidifying the first flow of gas in the first gas flow
path, insulating at least a portion of the first flow of gas
passing along the first gas flow path with the second flow
of gas passing along the second gas flow path, and de-
livering the humidified first flow of gas to the patient for
inhalation by the patient.
[0006] Additionally, the present disclosure provides a
method of delivering heated and humidified breathing
gas to a patient. The method includes generating a gas
flow, dividing the gas flow into a breathing gas flow and
an insulating gas flow, heating and humidifying the
breathing gas flow, and delivering the heated and humid-
ified breathing gas flow to the patient.
[0007] Further, the present disclosure provides a base
unit for use in a breathing gas heating and humidification
apparatus. The base unit includes a gas source config-
ured to generate an initial gas flow. The gas source has
a gas source outlet. A flow divider is in fluid communica-
tion with the gas source outlet. The flow divider is con-
figured to divide the initial gas flow into a first flow of gas
and a second flow of gas. The flow divider includes a first
compartment including a first gas flow path for the first
flow of gas and a second compartment including a sec-
ond gas flow path for the second flow of gas. A heater is
disposed in the second compartment.
[0008] Also, the present disclosure provides a base
unit for use in a breathing gas heating and humidification
apparatus. The base unit includes a blower configured
to generate a gas flow and a flow divider in fluid commu-
nication with the blower. The divider is configured to di-
vide the gas flow into a first portion of the gas flow and
a second portion of the gas flow.
[0009] The present disclosure further provides a meth-
od for use in generating breathing gas and insulating gas
from a gas source. The method includes generating a
flow of gas, dividing the flow of gas into a first flow of gas
and a second flow of gas, and passing the first flow of
gas for delivery to a patient for inhalation.
[0010] Additionally, the present disclosure provides a
humidification canister for humidifying a breathing gas.
The humidification canister includes a fluid supply con-
figured to supply a fluid. A first gas flow path is in fluid
communication with the fluid supply. The first gas flow
path is configured to humidify the breathing gas with the
fluid. A second gas flow path at least partially surrounds
the first gas flow path.
[0011] The present disclosure further provides a meth-
od of pressurizing a supply of humidification fluid within
a humidification that includes generating a flow of a
breathing gas along a first gas flow path, generating a
flow of an insulating gas along a second gas flow path,
providing a supply of a humidification fluid within the hu-
midification canister to humidify the breathing gas, and
providing fluid communication between the second gas
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flow path and the supply of the humidification fluid to pres-
surize the supply of the humidification fluid with the insu-
lating gas.
[0012] The present disclosure also provides a method
of insulating a breathing gas in a humidification canister
using a gas. The method includes directing a flow of a
breathing gas along a first gas flow path including the
humidification chamber and directing a flow of an insu-
lating gas along a second gas flow path including an in-
sulating chamber at least partially surrounding the hu-
midification chamber where the insulating gas at least
partially insulates the breathing gas.
[0013] Additionally, the present disclosure provides a
humidification canister for humidifying a flow of breathing
gas. The humidification canister includes means for sup-
plying a fluid, means for humidifying a first gas flow with
the fluid along a first gas flow path, and means for at least
partially insulating the first gas flow with a second gas
flow.
[0014] Further, the present disclosure provides a de-
livery tube assembly for delivering a breathing gas to a
patient. The delivery tube includes a first lumen having
an upstream portion and a downstream portion. The lu-
men is configured to deliver the breathing gas from the
upstream portion to the downstream portion. A second
lumen is configured to flow an insulating gas around the
first lumen.
[0015] The present disclosure also provides a delivery
tube assembly configured to be coupled to a humidifier.
The delivery tube assembly comprises an inner lumen
with an upstream portion configured to receive humidified
breathing gas from the humidifier and a downstream por-
tion configured to deliver the humidified breathing gas to
a breathing device and an outer lumen surrounding the
inner lumen that is configured for coupling to the humid-
ifier to receive an insulating gas.
[0016] The present disclosure further provides a deliv-
ery tube assembly for delivering a breathing gas to a
patient. The delivery tube includes an inner lumen adapt-
ed to transmit a breathing gas and an outer lumen at least
partially surrounding the inner lumen. The outer lumen
is adapted to transmit an insulating gas and discharge
the insulating gas to atmosphere. A diverter assembly is
positioned to divert the insulating gas being discharged
from the outer lumen to the atmosphere.
[0017] Further, the present disclosure provides a
method of insulating heated and humidified breathing gas
with an insulating gas in a delivery tube assembly having
a first lumen and a second lumen. The method includes
flowing the heated and humidified breathing gas through
the first lumen and flowing the insulating gas through the
second lumen where the insulating gas at least partially
insulates the heated and humidified breathing gas.
[0018] Also, the present disclosure provides a method
of insulating a breathing gas with an insulating gas and
discharging the insulating gas to atmosphere.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The foregoing summary, as well as the following
detailed description of examples of the disclosure, will
be better understood when read in conjunction with the
appended drawings, which are incorporated herein and
constitute part of this specification. For the purposes of
illustrating the disclosure, there are shown in the draw-
ings examples of the present disclosure. It should be un-
derstood, however, that the invention is not limited to the
precise arrangements and instrumentalities shown. In
the drawings, the same reference numerals are em-
ployed for designating the same elements throughout the
several figures. In the drawings:

FIG. 1 is a perspective view of an apparatus for pro-
viding breathing gas to a user according to a first
exemplary embodiment of the present invention;
FIG. 2 is a side view, partially in section, of the breath-
ing gas apparatus of FIG. 1;
FIG. 3 is a side view of a blower and gas heater
illustrated in FIG. 2;
FIG. 3A is a schematic view of a first gas flow path
and a second gas flow path through the breathing
gas apparatus illustrated in FIG. 1;
FIG. 4 is a top view of a bottom portion of the base
unit of the apparatus illustrated in FIG. 1;
FIG. 5 is a side exploded view of elements of the
base unit of the apparatus illustrated in FIG. 1;
FIG. 6 is an exploded perspective view of a gas heat-
er used in the apparatus illustrated in FIG. 1;
FIG. 7 is a perspective view of the gas heater illus-
trated in FIG. 6, with a box portion of the gas heater
removed;
FIG. 8 is a perspective view of the gas heater illus-
trated in FIG. 7, with an insulator board portion of
the gas heater removed;
FIG. 9 is a schematic drawing of an exemplary con-
trol system used to operate the apparatus illustrated
in FIG. 1;
FIG. 10 is a perspective view of a humidification can-
ister used in the apparatus illustrated in FIG. 1;
FIG. 11 is an exploded side view of the humidification
canister illustrated in FIG. 10;
FIG. 12 is a perspective view of a filter media used
in the humidification canister illustrated in FIGS. 10
and 11;
FIG. 12A is a top plan view of the filter media illus-
trated in FIG. 12;
FIG. 13 is a perspective view of a media holder used
in the humidification canister illustrated in FIGS. 10
and 11;
FIG. 13A is a top plan view of the media holder illus-
trated in FIG. 13;
FIG. 14 is a perspective view of a fluid supply reser-
voir used in the humidification canister illustrated in
FIGS. 10 and 11;
FIG. 14A is a top plan view of the fluid supply reser-
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voir illustrated in FIG. 14;
FIG. 15 is a perspective view of a lid bottom used in
the humidification canister illustrated in FIGS. 10 and
11;
FIG. 15A is a top plan view of the lid bottom illustrated
in FIG. 15;
FIG. 16 is a schematic view of an apparatus for pro-
viding breathing gas to a user according to an ex-
ample;
FIG. 17 is a side view, partially broken away, of a
delivery tube assembly used in the apparatus illus-
trated in FIG. 1;
FIG. 18 is an exploded side view of the delivery tube
assembly illustrated in FIG. 17;
FIG. 19 is a perspective view of an exemplary spacer
used in the delivery tube assembly illustrated in
FIGS. 17 and 18;
FIG. 20 is a top plan view of the spacer illustrated in
FIG. 19;
FIG. 21 is a perspective view of a twist lock connec-
tion used in the delivery tube assembly illustrated in
FIGS. 17 and 18;
FIG. 22 is a side view of the twist lock connection
illustrated in FIG. 21;
FIG. 23 is an end view of the twist lock connection
illustrated in FIG. 21;
FIG. 24 is a perspective view of a downstream end
of the delivery tube assembly illustrated in FIGS. 17
and 18;
FIG. 25 is an exploded perspective view of a diverter
assembly used in the delivery tube assembly illus-
trated in FIGS. 17 and 18;
FIG. 26 is a side view, in section, of the diverter as-
sembly illustrated in FIG. 24;
FIG. 27 is a flow chart illustrating exemplary opera-
tional steps of the apparatus illustrated in FIGS. 1-26;
FIG. 28 is a schematic drawing of an apparatus for
providing breathing gas to a user according to an-
other example;
FIG. 29 is a schematic drawing of an apparatus for
providing breathing gas to a user according to an-
other example;
FIG. 30 is a sectional view of a delivery tube assem-
bly according to another example;
FIG. 31 is a sectional view of a delivery tube assem-
bly according to yet another example;
FIG. 32 is a schematic view of an apparatus for pro-
viding breathing gas to a user using the delivery tube
assembly illustrated in FIG. 31 according to another
example; and
FIG. 33 is a schematic view of an apparatus for pro-
viding breathing gas to a user according to another
example.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Although the invention is illustrated and de-
scribed herein with reference to specific embodiments,

the invention is not intended to be limited to the details
shown. Rather, various modifications may be made in
the details within the scope and range of equivalents of
the disclosure without departing from the invention. As
used herein, the term "upstream" is defined to mean a
direction farther from a user (i.e., a person receiving
breathing gas) along a fluid flow path, and the term
"downstream" is defined to mean a direction closer to the
user along the fluid flow path. The terms "insulate," "in-
sulating," and "insulation" are used herein to mean pre-
venting or reducing temperature loss in fluid flowing along
a fluid flow path, and/or, in certain circumstances, raising
the temperature of the fluid flowing along the fluid flow
path.
[0021] Referring generally to the figures, a breathing
gas system according to an exemplary embodiment of
the present invention is provided to heat, humidify and
control patient respiratory gases. Warm, humidified gas
is generated by the system and delivered to the user via
a disposable and/or reusable humidification canister and
an insulated delivery tube that is attached to a user in-
terface, such as a nasal cannula.
[0022] In an exemplary embodiment, heat and humid-
ification may be provided through an exchange medium
that is part of the humidification canister. The exemplary
medium forms a semi-permeable membrane between a
water source (e.g., reservoir) and a humidification cham-
ber within the humidification canister. This medium acts
as the interface to transfer heat and molecular water va-
por from the water source to the breathing gases by al-
lowing heated molecules of water to transpire across the
membrane into the breathing gases in the humidification
chamber. The medium may also act as a valve, restricting
the amount of water that is vaporized. Optionally, the
medium may be omitted.
[0023] The delivery tube and humidification canister
provide pathways for heated air generated with heat from
an internal heater, for example, to surround or substan-
tially surround the humidification chamber and gas de-
livery tube, thereby reducing heat loss (and/or providing
heat gain) as the gas makes its way through the system
to the user, via a cannula or a mask, for example. This
arrangement minimizes water condensation and loss of
beneficial heat and humidity before the breathing gas is
delivered to the user’s airway and allows the temperature
of the breathing gas to be regulated independently from
the addition of water vapor into the breathing gas.
[0024] In an exemplary embodiment, a system used
to thermally insulate a breathing gas with insulating gas
is disclosed. The insulating gas is provided by a source,
heated to a specified temperature, and then provided to
a breathing gas delivery tube. The delivery tube includes
an inner lumen through which the breathing gas is deliv-
ered from a breathing gas source to the user, and an
outer jacket through which the insulating gas travels such
that the insulating gas insulates the breathing gas as both
the insulating gas and the breathing gas travel through
the delivery tube. After the insulating gas has insulated
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the breathing gas, the insulating gas may be exhausted
to atmosphere. Alternatively, the insulating gas may be
recirculated. Insulating gas is used to minimize heat loss
of (and/or provide heat gain to) the breathing gas as the
breathing gas travels from the humidification chamber to
the user, thereby reducing rainout. Additionally, the use
of the insulating gas allows adjustment to the tempera-
ture of the breathing gas without changing the water va-
por content in the breathing gas, thereby adjusting rela-
tive humidity for added comfort.
[0025] Referring specifically to FIGS. 1 and 2, breath-
ing gas system 100 includes a base unit 102 configured
to generate a first flow, or portion, of gas and a second
flow, or portion, of gas. A humidification canister 104 is
configured to be coupled to base unit 102. Humidification
canister 104 may be a reusable and/or disposable unit
that is replaced after a specified period of time, such as
after a prescribed number of days of use, a prescribed
duration of use, or some other predetermined operating
parameter.
[0026] A delivery tube assembly 106 is coupled to hu-
midification canister 104 (preferably releasably coupled).
Delivery tube assembly 106 may be a reusable and/or
disposable unit that is replaced after a specified period,
such as after a prescribed number of days of use, a pre-
scribed duration of use, or some other predetermined
operating parameter.
[0027] As shown if FIG. 2, a user device, such as, for
example, a nasal cannula 108, is configured to be releas-
ably coupled to delivery tube assembly 106. Exemplary
nasal cannulae are disclosed in U.S. Patent Application
Serial Nos. 11/940,793 (Attorney Docket No. HQS-
111US) and 11/940,867 (Attorney Docket No. HQS-
115US), which are both owned by the Assignee of the
present invention .
[0028] Referring to FIGS. 2, 3 and 3A, base unit 102
includes a gas flow source 113 and a fluid heater 198
configured to heat a fluid in humidification canister 104.
Illustrated base unit 102 includes a gas flow source 113,
such as, for example, a blower 112 configured to deliver
an initial flow of gas and a flow divider 114 in fluid com-
munication with an outlet 116 of blower 112. As shown
in FIG. 3A, flow divider 114 is configured to divide the
initial flow of gas into a first flow of gas along a first gas
flow path 138 (indicated by alternating dots and dashes)
and a second flow of gas along a second gas flow path
144 (indicated by the dots).
[0029] In an exemplary embodiment, blower 112 may
be a single source. In another exemplary embodiment,
as will be described with reference to FIG. 28, blower
112 may include a plurality of sources.
[0030] An exemplary blower 112 may be a model
number 939_3020_007 manufactured by EBM Papst,
Inc. of Farmington, Connecticut. Exemplary blower 112
may deliver air from outlet 116 of blower 112 at a delivery
flow rate between about 1 liter per minute and about 150
liters per minute.
[0031] Blower 112 provides an initial flow rate, which

is divided by flow divider 114 into a first flow of gas to be
delivered to the user as a breathing gas at a desired
delivery flow rate and a second flow of gas to be used
as an insulating gas to insulate the breathing gas. While
a desired delivery flow rate may be set, an actual flow
rate of the first flow of gas being delivered to the user
may be greater than the delivery flow rate during user
inhalation and an actual flow rate of the first flow of gas
being delivered to the user may be less than the delivery
flow rate during user exhalation. Additionally, the initial
flow rate may remain generally constant, with the actual
flow rate of the second flow of gas decreasing as the flow
rate of the first flow of gas increases (e.g., due to patient
inhalation), and with the actual flow rate of the second
flow of gas increasing as the flow rate of the first flow of
gas decreases (e.g., due to patient exhalation).
[0032] Referring now to FIGS. 4 and 5, base unit 102
includes a case bottom 118 that receives and retains
blower 112 (not shown in FIGS. 4 and 5) and other com-
ponents. Base unit 102 also includes a case top 120 that
fits over blower 112 and the components and attaches
to case bottom 118. Case top 120 also includes a recep-
tacle 121 for receiving and holding humidification canister
104 in contact with fluid heater 198. Blower 112 may be
inserted into case bottom 118 and covered by case top
120.
[0033] Case bottom 118 includes a receptacle 122 for
receiving and holding blower 112. Case bottom 118 also
includes a receptacle 124 for receiving and holding flow
divider 114 (not shown in FIGS. 4 and 5) such that flow
divider 114 may be located between blower 112 and hu-
midification canister 104 (not shown in FIGS. 4 and 5).
[0034] A filter cartridge 126 is releasably coupled to
base unit 102. Filter cartridge 126 is used to filter air from
atmosphere prior to entering blower 112. Filter cartridge
126 removes airborne particulates that may be harmful
to the user if inhaled. Filter cartridge 126 may be snap fit
to case bottom 118.
[0035] Case bottom 118 also includes a generally oval
shaped opening 128 therein and case top 120 includes
a generally rectangular mating opening 130 therein
through which an electronic interface 132 (shown sche-
matically if FIG. 9) extends. In an exemplary embodi-
ment, interface 132 may be a USB port that allows an
operator, such as a physician or a respiratory therapist,
to couple system 100 to an external device, such as a
computer (not shown), in order to program system 100
to meet the needs of the particular user or to extract op-
erating data from system 100.
[0036] Interface 132 is electronically coupled to a print-
ed circuit (PC) board 134 (shown schematically in FIG.
9) or other electronic controller that governs the operation
of system 100. PC board 134 may be removably inserted
into a PC board slot 135 in case bottom 118.
[0037] Referring to FIGS. 3, 3A, and 6-8, flow divider
114 comprises a first compartment 136 including first gas
flow path 138 for the first flow of gas. First gas flow path
138 is configured to be coupled to humidification canister
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104 for humidification of the first flow of gas. First com-
partment 136 also includes a first compartment discharge
port 140.
[0038] Flow divider 114 further includes a second com-
partment 142 including second gas flow path 144 for the
second flow of gas. Second gas flow path 144 is config-
ured to receive the second flow of gas and to be coupled
to humidification canister 104 to insulate at least a portion
of first gas flow path 138. Second compartment 142 also
includes a second compartment discharge port 146 in
line with first compartment discharge port 140.
[0039] Illustrated flow divider 114 is constructed from
a box 148 having an open face 150. A rear wall 152 of
box 148 includes a circular opening 154 disposed prox-
imate to the bottom of box 148. A rubber grommet 156
is disposed within circular opening 154. Grommet 156 is
coupled to outlet 116 of blower 112 to receive gas gen-
erated by blower 112.
[0040] A cover 158 is disposed over open face 150 of
box 148, forming a generally closed compartment. Cover
158 includes second compartment discharge port 146
disposed proximate to the top of cover 158. A rubber inlet
grommet 161 is disposed within second compartment
discharge port 146. Inlet grommet 161 is coupled to hu-
midification canister 104 to discharge the gas flow gen-
erated by blower 112 from flow divider 114 to humidifi-
cation canister 104.
[0041] A back-up plate 162 is disposed within box 148
to separate box 148 into first compartment 136 and sec-
ond compartment 142. Back-up plate 162 includes first
compartment discharge port 140 disposed proximate to
the top of back-up plate 162, co-axially aligned with sec-
ond compartment discharge port 146 in cover 158. A rub-
ber back-up plate grommet 170 is disposed within first
compartment discharge port 140 of back-up plate 162.
[0042] Back-up plate 162 also includes a generally
elongated opening 172 in the bottom thereof to provide
fluid communication between first compartment 136 and
second compartment 142. Additionally, back-up plate
162 further includes raised ridges 174 in a plurality of
locations on second compartment side of flow divider
114. As shown in FIG. 6, four (4) raised ridges 174 are
shown, although those skilled in the art will recognize
that more or less than four raised ridges 174 may be
used. Raised ridges 174 are used to locate an insulator
board 176 on back-up plate 162 between upper and lower
raised ridges 174.
[0043] An insulating gas heater 180 is disposed within
second compartment 142 and is adapted to heat the sec-
ond flow of gas. Insulating gas heater 180 is attached to
insulator board 176 in second compartment 142. An ex-
emplary insulating gas heater 180 is a heating plate hav-
ing a plurality of elongated ribs 182 extending therefrom
to dissipate heat generated from insulating gas heater
180 to surrounding gas flowing through second compart-
ment 142. Insulating gas heater 180 may be constructed
from aluminum or other suitable heat conductive mate-
rial. Insulating gas heater 180 is electrically coupled to

PC board 134 (shown in FIG. 9) such that PC board 134
controls operation of insulating gas heater 180.
[0044] Referring to FIG. 3A, in use, blower 112 directs
air into flow divider 114, where the air is divided into first
gas flow path 138 in first compartment 136 and second
gas flow path 144 in second compartment 142. Gas within
second gas flow path 144 is heated by insulating gas
heater 180. Second gas flow path 144, having been heat-
ed by insulating gas heater 180, surrounds gas within
first gas flow path 144 as the first gas flow passes from
first compartment 136, through second compartment 142
and discharge port 140, and out of flow divider 114 to
humidification canister 104.
[0045] Referring back to FIG. 5 a canister latch 194
releasably couples humidification canister 104 to base
unit 102. Canister latch 194 is generally arcuate in shape
and includes connectors 196 at each end for coupling to
case top 120. In an alternative embodiment, latch 194
may be omitted, and humidification canister 104 may be
releasably coupled to base unit 102 via a frictional en-
gagement.
[0046] Referring back to FIG. 2, fluid heater 198 is con-
figured to provide heat to humidification canister 104
(e.g., via conduction), which heats the fluid for heating
and humidifying the first flow of gas in humidification can-
ister 104. Fluid heater 198 is located on case top 120.
Fluid heater 198 may be a conventional plate heater
(which mates with a corresponding plate of humidification
canister 104). Fluid heater 198 is electrically coupled to
PC board 134 (shown in FIG. 9) such that PC board 134
controls operation of fluid heater 198.
[0047] FIG. 9 depicts an exemplary control circuit 200
for controlling system 100 (FIGS. 1 and 2). Illustrated
control circuit 200 is formed on PC board 134, which is
removably inserted in slot 135 in case bottom 118 (shown
in Fig. 4). Control circuit 200 provides control for three
primary controllers. A first controller 202 is operatively
coupled to humidifier heater 198 and, under control of
control circuit 200, controls the temperature of humidifier
heater 198 and regulates the temperature of the first flow
of gas based on a delivery flow rate of the first flow of
gas. A second controller 204, under control of control
circuit 200, controls temperature of insulating gas heater
180, and a third controller 206, under control of control
circuit 200, is configured to operate blower 112 to deliver
the first flow of gas at a delivery flow rate. Control circuit
200 is accessible by an external computer (not shown)
via a communications port, such as interface 132.
[0048] Interface 132 provides for adjustment of con-
trollers 202, 204, 206, under control of control circuit 200,
through the full range of operation of humidifier heater
198, insulating gas heater 180, and blower 112, respec-
tively. An exemplary use of interface 132 is with system
100 in a sleep lab, where multiple users may be "titrated"
using system 100 during a sleep study to determine ideal
system settings for a particular user. Interface 132 may
allow operational information for a particular user to be
downloaded from an outside device, such as a USB de-
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vice (not shown), to control circuit 200.
[0049] Electrically, this embodiment of system 100 op-
erates within the range of 100-240 VAC and 50-60 Hz.
The maximum power consumption is desirably less than
about 60 Watts. Power inlet 208 includes a removable
3-meter long hospital grade power cord.
[0050] Control circuit 200 uses thermistors to sense
temperature at various locations within system 100. Ex-
emplary thermistors are rated at 15 KΩ @ +25 C. A hu-
midifier thermistor 210 measures the temperature of hu-
midifier heater 198 to an accuracy of about +/- 0.5 °C.
An air heater thermistor 212 measures the temperature
of insulating gas heater 180 to an accuracy of about +/-
0.5 °C.
[0051] An AC power supply 208 provides AC power to
system 100, including controllers 202, 204. In an exem-
plary embodiment, a 24VDC power supply 214 capable
of about 1 amp is used to power third controller 206.
Alternatively, other power supplies, such as, for example,
12V at 2 amps, may be used.
[0052] Control circuit 200 provides speed control of
blower 112 over an adjustable range of 0 to 100%, with
a precision of about 1% +/- 0.5%. Power supply 214 is
also coupled to a Low Voltage Power Supply (LVPS) 216
that reduces the voltage to control circuit 200.
[0053] In an exemplary embodiment, control circuit
gradually increases speed (ramp-up) to set blower speed
over a pre-determined period of time, such as, for exam-
ple, twenty minutes. In an exemplary embodiment, every
five minutes during ramp-up, blower speed will increase
25% until blower 112 reaches its set speed. Control circuit
200 includes a power button 218 that operates system
100. Power button 218 may be pressed a first time to
power up system 100. If power button 218 is pressed a
second time, the ramp function may be de-activated and
blower 112 immediately goes to the speed set on control
circuit 200.
[0054] After use, power button 218 may be pressed to
turn off system 100. When system 100 is turned off, hu-
midifier heater 198 turns off, but blower 112 and insulat-
ing gas heater 180 continue to run for a predetermined
period of time, such as, for example, 1 minute, before
turning off. Control circuit 200 may be configured to de-
activate humidifier heater 198 if humidification canister
104 is not installed
[0055] An optional ambient temperature sensor 220
monitors the ambient temperature around system 100
and feeds the recorded temperature to control circuit 200.
Control circuit 200 may regulate insulating gas temper-
ature by adjusting insulating gas heater 180 based on
ambient temperature to maintain an approximate outlet
temperature, such as about 37 degrees Celsius. Option-
ally, water level sensor 224 monitors the level of humid-
ification fluid "F" in fluid supply reservoir 232 and feeds
the recorded level to control circuit 200.
[0056] Control circuit 200 is configured to shutdown
system 100 if predetermined parameters fall outside of
a specified range. In an exemplary embodiment, such

parameters may include, but are not necessarily limited
to, breathing gas temperature (greater than 1 degree C
above set point), blower malfunction, insulating gas heat-
er 180 (greater than 5 degrees C above set point, and
humidifier heater 198 (greater than 5 degrees C above
set point).
[0057] In an exemplary embodiment, insulating gas
heater 180 and fluid heater 198 are regulated by control
circuit 200 based on a set flow rate of blower 112, a com-
fort setting (described below), and, optionally, an ambient
temperature value recorded by temperature sensor 220.
In embodiments where ambient temperature is not em-
ployed, a look-up table may be used by control circuit
200 to select appropriate values for driving heater driver
204 for insulating gas heater 180 and heater driver 202
for fluid heater 198 based on the set rate of blower 112
and the comfort setting. In embodiments where ambient
temperature is employed, separate look-up tables may
be provided for different ambient temperature ranges. In
accordance with this embodiment, a particular look-up
table may be selected based on an ambient temperature
value and, then, that look-up table may be used by control
circuit 200 to select appropriate values for driving heater
driver 204 for insulating gas heater 180 and heater driver
202 for fluid heater 198 based on the set rate of blower
112 and the comfort setting.
[0058] The use of an insulating gas heater 180 and a
fluid heater 198 enables the temperature and the fluid
content of the breathing gas to be independently regu-
lated, thereby controlling relative humidity. For example,
the setting of the fluid heater 198 may be used to regulate
the amount of fluid in the breathing gas and the setting
of the insulating gas heater 180 may be used to regulate
the temperature of the breathing gas being delivered to
the user. Relative humidity can be adjusted by increas-
ing/decreasing the fluid content while holding the tem-
perature of the breathing gas constant, maintaining the
fluid content while increasing/decreasing the tempera-
ture, or increasing/decreasing the fluid content while in-
creasing/decreasing the temperature. Suitable control
logic and look-up tables to perform these tasks will be
readily understood by one skilled in the art from the de-
scription herein.
[0059] In an exemplary embodiment, a physician, res-
piratory therapist, or other medical professional sets the
flow rate of blower 112 prior to use of system 100. The
user may then select from a plurality of comfort settings
such as, for example, a "cool" setting (e.g., a breathing
gas temperature to be delivered to user between about
30 and about 33 degrees Celsius with a relative humidity
of between about 80% and about 100%), a "medium"
setting (e.g., a breathing gas temperature to be delivered
to user between about 33 and about 35 degrees Celsius
with a relative humidity of between about 80% and about
100%), or a "warm" setting (e.g., a breathing gas tem-
perature to be delivered to user between about 35 and
about 37 degrees Celsius with a relative humidity of be-
tween about 80% and about 100%). Pushbutton 218 may
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include separate up and down buttons (not shown) that
may be pressed to select a desired setting from among
the plurality of available comfort settings.
[0060] Referring now to FIGS. 2 and 10-15A, humidi-
fication canister 104 is configured to heat and humidify
the first flow, or portion, of the gas generated by blower
112 (not shown in FIGS. 10-15A). Humidification canister
104 includes a humidification chamber 230 that heats
and humidifies the first flow, or breathing, gas, a fluid
supply reservoir 232 that provides fluid "F", typically in
the form of water, to humidify the breathing gas. Fluid
supply reservoir 232 is operatively coupled to humidifi-
cation chamber 230 to transmit water to humidification
chamber 230 where the water is vaporized. Humidifica-
tion canister 104 further includes an insulation chamber
233 that uses the second flow of the gas (insulating gas)
to at least partially surround and insulate the breathing
gas flowing through the first gas flow path of humidifica-
tion canister 104, including humidification chamber 230.
Second gas flow path 144 extends through insulation
chamber 233 and provides fluid communication between
blower 112 and delivery tube assembly 106.
[0061] Humidification canister 104 is operatively cou-
pled to blower 112 to receive the first flow of gas along
first gas flow path 138 and to receive the second flow of
gas along second gas flow path 144. An inlet connector
234 includes a breathing gas lumen 235 that is in fluid
communication with first compartment 136 (shown in
FIG. 6) and extends from inlet grommet 161 in front cover
158, through second compartment 142, through back-up
plate grommet 170 in back-up plate 162 to first compart-
ment discharge port 140 such that first gas flow path 138
passes from first compartment 136 and into and through
second compartment 142. An insulating gas lumen 236
extends through inlet grommet 161 in front cover 158 and
is coaxially disposed around breathing gas lumen 235
downstream of flow divider 114 such that first gas flow
path 138 and second gas flow path 144 are generally
coaxial.
[0062] In an exemplary embodiment, breathing gas lu-
men 235 is also in fluid communication with a humidifier
inlet elbow 237 that directs the breathing gas to a humid-
ification chamber 230. Humidifier inlet elbow 237 is con-
structed from an outer elbow portion 238 and an inner
elbow portion 239. Outer elbow portion 238 is part of a
lid top 240 of humidification chamber 230 and inner elbow
portion 239 is part of a lid bottom 241 of humidification
chamber 230. A volume between lid top 240 and lid bot-
tom 241 defines an insulating space 242 in fluid commu-
nication with insulating gas lumen 236 and insulating
chamber 233.
[0063] Humidifier elbow 237 is coupled to an inlet baffle
tube 243, which extends through an opening 232a in fluid
supply reservoir 232 (shown in FIG. 14A). Inlet baffle
tube 243 discharges into a humidification dome 244. Hu-
midification dome 244 is generally conical in shape. Hu-
midification dome 244 is removably coupled to bottom of
fluid supply reservoir 232 such that humidification dome

244 may be removed from fluid supply reservoir 232 for
replacement and/or cleaning.
[0064] A discharge end of inlet baffle tube 243 includes
a baffle 245 that redirects breathing gas from a generally
vertical downward direction to a generally horizontal di-
rection. Referring to FIGS. 12 and 12A, a flat sheet mem-
brane in the form of filter media 246 is disposed below
humidification dome 244 and, together with humidifica-
tion dome 244, filter media 246 defines humidification
chamber 230. Filter media 246 is a generally circular
piece of polytetrafluoroethylene (PTFE), which has an
arcuate cutout 247 along its perimeter. The redirection
of the breathing gas by baffle 245 may prevent the breath-
ing gas from impinging directly onto the top surface of
filter media 246, which may reduce wear of filter media
246. Additionally, the redirection of the breathing gas may
improve the residence time of the breathing gas within
humidification chamber 230, improving the heating and
humidification of the breathing gas.
[0065] As shown in FIG. 11, filter media 246 is disposed
in the path of fluid "F" between fluid supply reservoir 232
and humidification chamber 230, which is in first gas flow
path 138. While fluid supply reservoir 232 is configured
to hold fluid "F" in fluid communication with first gas flow
path 138, filter media 246 restricts passage of fluid "F"
from fluid supply reservoir 232 into first gas flow path 138
to introduce the proper amount of fluid "F" to humidifica-
tion chamber 230.
[0066] Filter media 246 is disposed within a media
holder 248, which is shown in detail in FIGS. 13 and 13A.
Media holder 248 includes an arcuate protrusion 249
sized to match arcuate cutout 247 in media filter 246.
Media holder 248 includes a plurality of struts 250 that
support filter media 246. Media holder 248 also includes
an opening 251 proximate to arcuate protrusion 249.
[0067] Referring back to FIG. 11, a retaining ring 252
may be disposed over filter media 246 to retain filter me-
dia 246 on media holder 248. Although not shown, in an
alternative embodiment, filter media 246 may be insert
molded into a media holder, eliminating the need for re-
taining ring 252.
[0068] An annular tin gasket 253 is disposed under me-
dia holder 248. A circular tin heater plate 254 is disposed
below gasket 253. When humidification canister 104 is
coupled to base unit 102, heater plate 254 is disposed
on top of fluid heater 198 to facilitate transfer of heat from
fluid heater 198 to heater plate 254, which heats fluid that
flowed from fluid supply reservoir 232 onto heater plate
254.
[0069] Referring now to FIGS. 2, 11, 14, and 14A, fluid
supply reservoir 232 includes a drainage nipple 255 that
extends from the bottom of fluid supply reservoir 232 and
through opening 251 in media holder 248 to provide fluid
communication from the interior of fluid supply reservoir
232 to the upper surface of heater plate 254. Optionally,
although not shown, a valve, such as a Schrader valve,
may be used to prevent fluid from flowing through drain-
age nipple 255 when fluid supply reservoir 232 is not
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coupled to base unit 102, but to open the valve when
fluid supply reservoir 232 is coupled to base unit 102, to
allow fluid flow from fluid supply reservoir 232 to heater
plate 254. This valve prevents loss of fluid from fluid sup-
ply reservoir 232 when fluid supply reservoir 232 is not
coupled to base unit 102, but allows for fluid communi-
cation between fluid supply reservoir 232 and humidifi-
cation chamber 230 when fluid supply reservoir 232 is
coupled to base unit 102.
[0070] Referring to FIGS. 2 and 11, an outlet baffle
tube 256 is coupled to humidification dome 244 and ex-
tends from humidification chamber 230, through an open-
ing 232b in fluid supply reservoir 232 (shown in FIG. 14A),
to an outlet elbow 257. Outlet elbow 257 is constructed
from an outer elbow portion 258 and an inner elbow por-
tion 259. Outer elbow portion 258 is part of lid top 240 of
humidification chamber 230 and inner elbow portion 259
is part of lid bottom 241 of humidification chamber 230.
[0071] Outlet elbow 257 is coupled to an outlet con-
nector 260 which includes a breathing gas lumen 261
that is in fluid communication with outlet baffle tube 256
and an insulating gas lumen 262, coaxially disposed
around breathing gas lumen 261, that is in fluid commu-
nication with insulation chamber 233 and insulating
space 242. An exterior of illustrated outlet connector 260
includes a pair of diametrically opposed locking nubs 263
extending outwardly therefrom.
[0072] Referring to FIGS. 15 and 15A, lid bottom 241
includes an opening 264 therethrough. Opening 264 al-
lows insulating space 242 to be in fluid communication
with fluid "F" in fluid supply reservoir 232, providing a
pressurization path between second gas flow path 144
and fluid supply reservoir 232 to pressurize fluid supply
reservoir 232 with the second flow of gas.
[0073] Lid bottom 241 also includes a refill opening 265
that is in fluid communication with fluid supply reservoir
232 such that a cover (not shown) can be removed from
refill opening 265 so that fluid can be added through refill
opening 265 to replenish fluid "F" in fluid supply reservoir
232.
[0074] First gas flow path 138 extends through humid-
ification canister 104 from breathing gas lumen 235,
through humidifier inlet elbow 237, down inlet baffle tube
243, to humidification chamber 230 where breathing gas
in first gas flow path 138 is heated and humidified. The
heated and humidified breathing gas exits humidification
chamber 230 through outlet baffle tube 256, through out-
let elbow 257 to breathing gas lumen 261 for discharge
from humidification canister 104.
[0075] In an alternative embodiment, as shown in the
schematic drawing of FIG. 16, second gas flow path 144
may bypass humidification canister 104 such that second
gas flow path 144 extends directly from flow divider 114
to delivery tube assembly 106.
[0076] While exemplary embodiments of a humidifica-
tion canister 104 are shown, those skilled in the art will
recognize that other embodiments of humidification can-
isters from the description herein are contemplated by

the present disclosure and such embodiments are con-
sidered within the scope of the present disclosure.
[0077] Although air/gas is used to insulate the breath-
ing gas in the exemplary embodiment, it is contemplated
that water/liquid may be used for insulating/heating
breathing gas in addition to or instead of air/gas.
[0078] Delivery tube assembly 106 is used to deliver
the breathing gas from humidification canister 104 to the
user. Referring now to FIGS. 2 and 17-26, illustrated de-
livery tube assembly 106 includes a multilumen delivery
tube having a first, or inner, lumen 270 and a second, or
outer lumen 276. Lumen 270 has an upstream portion
272 in fluid communication with humidification chamber
230 and with first gas flow path 138 to receive humidified
breathing gas from humidification canister 104 and a
downstream portion 274 configured to deliver the humid-
ified breathing gas to nasal cannula 108 or other breath-
ing device. First lumen 270 is configured to deliver the
breathing gas from upstream portion 272 to downstream
portion 274.
[0079] Outer lumen 276 is adjacent to and at least par-
tially surrounds inner lumen 270 such that inner lumen
270 is disposed within outer lumen 276. Outer lumen 276
is in fluid communication with insulation chamber 233
and with second gas flow path 144 to receive the second
flow of gas. Outer lumen 276 is configured to pass the
second flow, or insulating, gas around inner lumen 270.
Outer lumen 276 is configured for coupling to humidifi-
cation canister 104 to receive the insulating gas and is
adapted to transmit the insulating gas from humidification
canister 104 along the length of inner lumen 270 and to
discharge the insulating gas to atmosphere.
[0080] In an exemplary embodiment, inner lumen 270
may be a tube, such as Model No. Type 777, manufac-
tured by Hi-Tech Medical of Georgetown, Massachu-
setts, having an inner diameter of about 10 mm. Inner
lumen 270 may have a length of about 180 cm. Upstream
portion 272 and downstream portion 274 of inner lumen
270, as well as an inner surface of inner lumen 270, may
be generally smooth. An outer surface 278 of inner lumen
270 between upstream end 272 and downstream end
274 may be corrugated. Such corrugation reduces the
likelihood of kinking inner lumen 270 and also provides
for coupling of spacers to the exterior of inner lumen 270.
[0081] In an exemplary embodiment, outer lumen 276
may be a tube, such as Model No. Type 555, manufac-
tured by Hi-Tech Medical of Georgetown, Massachusetts
having an inner diameter of about 19 mm. Outer lumen
276 may have a length of about 180 cm. Outer lumen
276 may have a generally smooth upstream end 280 and
inner surface, and a corrugated outer surface 282 that
extends downstream of upstream end 280. Such corru-
gation reduces the likelihood of kinking cannula 108.
[0082] Referring to FIGS. 18-20, a plurality of spacers
284 are disposed within outer lumen 276 such that inner
lumen 270 is generally centered within outer lumen 276.
Spacers 284 may be spaced about 30 cm apart along
the corrugated portion of inner lumen 270. Each spacer
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284 includes an arcuate frame 286 extending in a plane
and a plurality of longitudinal struts 288 extending gen-
erally perpendicular to the plane. Arcuate frame 286 is
sized to fit in a groove between adjacent ridges of the
exterior of corrugated inner lumen 270. Arcuate frame
286 extends in an arc of over 180 degrees such that
arcuate frame 286 can be snapped over groove. In an
exemplary embodiment, arcuate frame 286 extends in
an arc of about 240 degrees. Longitudinal struts 288 en-
gage interior wall of outer lumen 276.
[0083] Referring back to FIG. 17-18 and to FIGS.
21-23, an upstream portion 290 of delivery tube assembly
106 includes a twist lock connector 292 that is adapted
to releasably couple delivery tube assembly 106 to hu-
midification canister 104. In an exemplary embodiment,
twist lock connector 292 may be constructed from high
density polyethylene (HDPE), polypropylene, or other
suitable material. Twist lock connector 292 includes a
base portion 294 having a pair of diametrically opposed
slots 296, with a first slot portion 297 extending toward
downstream portion 298 (shown in FIG. 17) of delivery
tube assembly 106. A second slot portion 300 of each of
slots 296 extends transversely to first slot portion 297.
Locking nubs 263 from humidification canister 104
(shown in FIG. 11) are sized to fit into first slot portion
297 as twist lock connector 292 is advanced over outlet
connector 260. When twist lock connector 292 is ad-
vanced such that locking nubs 263 are at the intersection
between first slot portion 297 and second slot portion
300, twist lock connector 292 is rotated such that locking
nubs are advanced to the closed end of second slot por-
tion 300, thereby releasably coupling delivery tube as-
sembly 106 to humidification canister 104.
[0084] Twist lock connector 292 further includes an in-
ner lumen portion 302 that extends downstream from
base portion 294. Inner lumen portion 302 is coupled to
base portion 294 via a pair of diametrically opposed spac-
ers 304. Twist lock inner lumen portion 302 is coupled to
upstream end 272 of inner lumen 270.
[0085] Twist lock connector 292 also includes an outer
lumen portion 306 that extends downstream from base
portion 294. Outer lumen portion 306 is coupled to an
outer perimeter of base portion 294. Twist lock outer lu-
men portion 306 is coupled to upstream end 280 of outer
lumen 276.
[0086] Referring to FIGS. 17, 18, and 24-26, delivery
tube assembly 106 further includes a flow diverter as-
sembly 310 coupled to downstream portion 274 of inner
lumen 270. Diverter assembly 310 is adapted to divert
the insulating gas flowing through outer lumen 276 in a
direction away from downstream portion 274 of inner lu-
men 270 to atmosphere. Diverter assembly 310 is swivel-
ly coupled to downstream portion 274 of the inner lumen
270 to reduce potential kinking of cannula 108 during use.
[0087] FIGS. 24-26 illustrate an exemplary flow divert-
er assembly 310. Flow diverter assembly 310 includes
an input portion 312, a discharge portion 314, and a di-
verter portion 316 disposed between input portion 312

and discharge portion 314. Fins 318 space diverter por-
tion 316 from outer lumen 276. Breathing gas, shown in
FIGS. 24 and 26 as arrow A, flows from inner lumen 270
(shown in FIG. 26), through input portion 312 and dis-
charge portion 314 to nasal cannula 180 (not shown in
FIG. 24). Insulating gas, shown in FIG. 24 as arrow B,
flows from outer lumen 276, through input portion 312 to
diverter portion 316, where the insulating gas is diverted
(e.g. about 180 degrees) and discharged from diverter
assembly 310 and away from the user.
[0088] Using air/gas instead of water to insulate the
breathing gases and exhausting the insulating gas to at-
mosphere eliminates the need for a heating fluid recircu-
lation system, reduces the potential for leaks and bacte-
rial contamination, and enables a lightweight delivery
tube to be used in the system.
[0089] Referring to FIGS. 1 - 26 and the flow chart 500
of FIG. 27, an exemplary operation of system 100 is as
follows. In STEP 502 the speed of blower 112 is set. In
an exemplary embodiment, a professional, such as a
physician or a respiratory therapist, determines a desired
flow rate of breathing gas to be administered to the user,
and adjusts control circuit 200 to control third controller
206 to set a speed of blower 112. By setting third con-
troller 206 to the desired setting, a rate of an initial flow
of gas, which is the total of a rate of the first flow of gas
(the breathing gas) and a rate of the second flow of gas
(the insulating gas), is set. In an alternative exemplary
embodiment, a person receiving the therapy may set the
flow rate.
[0090] In STEP 504, blower 112 is started. In an ex-
emplary embodiment, the user presses power button
218, resulting in control circuit 200 starting blower 112,
as well as transmitting signals to first controller 202 and
second controller 204 to operate insulating gas heater
180 and humidifier heater 198. The starting of blower 112
generates an initial flow of gas. In STEP 506 the initial
flow of gas is divided into a first flow of gas and a second
flow of gas. In an exemplary embodiment, the initial flow
of gas flows into flow divider 114, where the initial flow
of gas is divided into the first flow of gas in first compart-
ment 136 for breathing and the second flow of gas in
second compartment 142 for insulating the first flow of
gas. In STEP 508, the first flow of gas flows along first
gas flow path 138, while in STEP 510, the second flow
of gas flows along second gas flow path 144. As shown
in the flow chart 500, the breathing gas and the insulating
gas flow in generally parallel paths.
[0091] In STEP 512, the second flow of gas is heated.
In an exemplary embodiment, the second flow of gas is
heated by insulating gas heater 180 as the second flow
of gas flows through second compartment 142. In an ex-
emplary embodiment, the second flow of gas is heated
for use in insulating at least a portion of the first flow of
gas in the first gas flow path 138.
[0092] In STEP 514, the breathing gas flow is directed
along first gas flow path 138. In an exemplary embodi-
ment, first gas flow path 138 includes humidification
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chamber 230. The flow of the breathing gas is directed
through breathing gas lumen 235, which is the inlet to
humidification chamber inlet 230.
[0093] In STEP 516, humidification fluid is heated. In
an exemplary embodiment, as the breathing gas flows
along first gas flow path 138 through humidification
chamber 230, humidifier heater plate 254 heats fluid "F"
that has flowed from fluid supply reservoir 232 to top of
heater plate 254. The heated fluid passes through filter
media 246 and into first gas flow path 138 within humid-
ification chamber 230, where the heated fluid vaporizes.
The vaporized fluid heats and humidifies the first flow of
gas in first gas flow path 138. The flow of the now heated
and humidified breathing gas is then directed through
breathing gas lumen 261, which is the outlet of humidifi-
cation chamber 230.
[0094] In STEP 518, the flow of the insulating gas is
directed along second gas flow path 144. In an exemplary
embodiment, second gas flow path 144 includes insulat-
ing chamber 233, which at least partially surrounds hu-
midification chamber 230. The flow of the insulating gas
is directed through insulating gas lumen 236, which is
the inlet to insulating chamber 233. The flow of the insu-
lating gas is directed through insulating gas lumen 262,
which is the outlet from insulating chamber 233. Through-
out STEP 518, the insulating gas provides insulation to
and regulates the temperature of the breathing gas (e.g.,
by minimizing the temperature drop of the breathing gas).
[0095] Further, humidification fluid "F" within fluid sup-
ply reservoir 232 is pressurized by the insulating gas with-
in humidification canister 104. In STEP 520, humidifica-
tion fluid is provided. In an exemplary embodiment, the
supply of the humidification fluid "F" is provided within
humidification canister 104 to humidify the breathing gas.
In STEP 522, fluid communication is also provided be-
tween second gas flow path 144 and supply of humidifi-
cation fluid "F." In an exemplary embodiment, the fluid
communication is provided via opening 263 in lid bottom
241 of humidification canister 104 such that, in STEP
524, humidification fluid "F" is pressurized with the insu-
lating gas. In STEP 526, fluid "F" is heated. In an exem-
plary embodiment, fluid "F" is heated with humidifier heat-
er 198, which is transmitted through filter media 246 and
into first gas flow path 138. In STEP 516, the breathing
gas is humidified. In an exemplary embodiment, the
breathing gas is humidified in humidification chamber
230. In STEP 528, the insulating gas insulates the breath-
ing gas. In an exemplary embodiment, the insulating gas
in insulating chamber 233 insulates the breathing gas in
humidification chamber 230.
[0096] In STEP 530 the heated and humidified breath-
ing gas is discharged from humidification canister 104.
In an exemplary embodiment, the heated and humidified
breathing gas is directed through breathing gas lumen
261 in humidification canister 104 and then, in STEP 532,
the heated and humidified breathing gas is discharged
into delivery tube assembly 106. In STEP 534, the heated
and humidified breathing gas flows through delivery tube

assembly 106. In an exemplary embodiment, the heated
and humidified breathing gas flows through first, or inner,
lumen 270 in a first direction from upstream portion 272
to downstream portion 274 of inner lumen 270. The
breathing gas is discharged from the downstream end of
delivery tube assembly 106 into breathing device 108 for
inhalation by the user.
[0097] In STEP 536, the insulating gas is discharged
from humidification canister 104. In an exemplary em-
bodiment, the insulating gas is directed through insulat-
ing gas lumen 262 and out of humidification canister 104.
In STEP 538, the breathing gas is received in the up-
stream end of delivery tube assembly 106. In STEP 540,
the insulating gas at least partially insulates the breathing
gas. In an exemplary embodiment, the insulating gas
flows through second, or outer, lumen 276, wherein the
insulating gas at least partially insulates the heated and
humidified breathing gas. The insulating gas also flows
in the first direction from upstream to downstream. In an
exemplary embodiment, the insulating gas is discharged
to atmosphere from downstream end of delivery tube as-
sembly 106 through diverter assembly 310, which diverts
the insulating gas away from the user.
[0098] In STEP 542, after use, system 100 is turned
off. In an exemplary embodiment, when the user presses
power button 218 to turn off system 100, humidifier heater
198 turns off but blower 112 and insulating heater 180
continue to run for a predetermined period of time, such
as, for example, 1 minute, before turning off. Additionally,
control circuit 200 may be configured to deactivate hu-
midifier heater 198 if humidification canister 104 is not
installed
[0099] Referring to FIG. 27 dashed lines connecting
STEPS 514 - 518, 516 - 528, 530 - 536, 532 - 538, and
524 - 538 indicate locations along first gas flow path 138
where the breathing gas is or may be insulated by the
insulating gas flowing along second gas flow path 144.
[0100] Ambient temperature sensor 220 monitors the
ambient temperature around system 100 and feeds the
recorded temperature to control circuit 200. Control cir-
cuit 200 regulates insulating gas temperature by adjust-
ing the insulating heater 180 to maintain an approximate
outlet temperature of the insulating gas, such as about
37 degrees Celsius.
[0101] While an exemplary embodiment of a breathing
assistance system 100 and its operation are described
above, the present disclosure may encompass other em-
bodiments as well. As discussed above, gas flow source
may comprise a plurality of sources. In the exemplary
embodiment of a breathing gas delivery system 700
shown in FIG. 28, a first source of gas 702 may be a
compressed gas, such as oxygen. A second source of
gas 704 may be air, generated by a blower. Alternatively,
both first source of gas 702 and second source of gas
704 may be blowers. Also, both gas sources 702, 704
may be compressed gas sources such as oxygen and/or
air from a high pressure source.
[0102] Additionally, in an alternative embodiment of a
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breathing system 709 shown schematically in FIG. 29,
an auxiliary gas port 710 may extend from an upstream
end 712 of an inner lumen 714 to facilitate connection of
a pressurized gas source, such as oxygen, for inhalation
by a user through nasal cannula 108.
[0103] Further, an alternative embodiment of a delivery
tube assembly 600, shown in cross section in FIG. 30,
uses a plurality of fins 601 formed with or coupled to the
exterior of inner lumen 602 to space inner lumen 602
generally coaxially within an outer lumen 604.
[0104] Still another alternative embodiment of a deliv-
ery tube assembly 800 may be used instead of delivery
tube assembly 106. As shown in cross section in FIG. 31
and schematically in FIG. 32, first lumen 802 may be
generally centrally disposed within delivery tube assem-
bly 800, with a second lumen 804 comprising a first lumen
portion 806 extending approximately the length of first
lumen 802, and a second lumen portion 808 extending
approximately the length of first lumen 802. First and sec-
ond lumen portions 806, 808 surround first lumen 802.
First and second lumen portions 806, 808 may be gen-
erally "C-shaped" in cross section. A septum 810 sepa-
rates first lumen 802 from each of first and second lumen
portions 806, 808. At a downstream end 814 of assembly
800, first lumen portion 806 and second lumen portion
808 are in fluid communication with each other and at an
upstream end 814 of assembly 800, first lumen portion
806 and second lumen portion 808 are not in fluid com-
munication with each other.
[0105] In operation, breathing gas enters first lumen
802 from humidification canister 104 and travels through
the length of first lumen 802, where the breathing gas is
discharged to nasal cannula 108. Insulating gas enters
first lumen portion 806 from humidification canister 104
at upstream end 816 of assembly 800 and travels through
first lumen portion 806 to downstream end 814 of assem-
bly 800. The insulating gas then enters second lumen
portion 808 and travels through second lumen portion
808 to upstream end 816 of assembly 800, where the
insulating gas discharges to atmosphere.
[0106] In yet another alternative embodiment of a de-
livery tube assembly 900, shown schematically in FIG.
33, delivery tube assembly 900 has a similar cross sec-
tion to delivery tube assembly 800 shown in Fig. 31 and
may include a first, inner lumen 902 that has an upstream
end 904 configured to couple to humidification canister
104 and a downstream end 906 configured to couple to
nasal cannula 108 such that the breathing gas flows
through first lumen 902 from upstream end 904 to down-
stream end 906.
[0107] Delivery tube assembly 900 also includes a sec-
ond lumen 908 having a first lumen portion 910 and a
second lumen portion 912 which, together, generally sur-
round first lumen 902. First lumen portion 910 and second
lumen portion 912 may be generally "C-shaped" in cross
section (similar to lumen portions 806, 808 shown in FIG.
31. Delivery tube assembly 900 includes a diverter as-
sembly, such as diverter assembly 310 illustrated in

FIGS. 17, 18, and 24-26 and described above, that is
coupled to downstream end 906 first lumen 902. Diverter
assembly 319 redirects the insulating gas flowing through
first lumen portion 910 and a second lumen portion 912
away from the user and to atmosphere.
[0108] Although the disclosure is illustrated and de-
scribed herein with reference to specific embodiments,
the disclosure is not intended to be limited to the details
shown. Rather, various modifications may be made in
the details within the scope and range of equivalents of
the claims and without departing from the disclosure.

Claims

1. An apparatus (100) for providing breathing gas to a
patient comprising:

a base unit (102) configured to provide a first
flow of gas and a second flow of gas;
a humidification canister (104) configured to be
releasably coupled to the base unit (102), the
humidification canister (104) including a humid-
ification chamber (230) and an insulation cham-
ber (233), the humidification canister (104) in-
cluding a first gas flow path (138) in communi-
cation with the humidification chamber (230)
and a second gas flow path (144) in communi-
cation with the insulation chamber (233), the hu-
midification chamber (230) configured to receive
and humidify the first flow of gas, the insulation
chamber (233) at least partially surrounding the
humidification chamber (230); and
a delivery tube assembly (106) configured to be
coupled to the humidification canister (104), the
delivery tube assembly (106) including a first lu-
men (802) configured for fluid communication
with the first gas flow path to receive the humid-
ified first flow of gas and a second lumen (808)
configured to receive the second flow of gas.

2. The apparatus (100) according to claim 1, wherein
the humidification canister (104) comprises a fluid
supply chamber (232) configured to hold a fluid in
fluid communication with the first gas flow path.

3. The apparatus (100) according to claim 2, wherein
the base unit (102) comprises a fluid heater config-
ured to heat the fluid in the humidification canister
(104).

4. The apparatus (100) according to claim 2, wherein
the humidification canister (104) further comprises
a membrane between the fluid supply chamber (232)
and the first gas flow path (138).

5. The apparatus (100) according to claim 2, wherein
the humidification chamber (230) is configured to re-
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ceive fluid from the fluid supply chamber (232) to
humidify the first flow of gas with the fluid from the
fluid supply chamber (232).

6. The apparatus (100) according to claim 5, wherein
the base unit (102) further comprises a gas heater
(180) configured to heat the second flow of gas such
that the first flow of gas in the humidification canister
(104) is insulated by the second flow of gas.

7. The apparatus (100) according to claim 1, wherein
the base unit comprises:

a gas flow source (702, 704) configured to de-
liver an initial flow of gas; and
a flow divider (114) in fluid communication with
the gas flow source (702, 704) configured to di-
vide the initial flow of the gas into the first flow
of gas and the second flow of gas.

8. The apparatus (100) according to claim 7, wherein
the gas flow source (702, 704) is configurable to de-
liver the first flow of gas to the patient at a delivery
flow rate, an actual flow rate of the first flow of gas
is greater than the delivery flow rate during patient
inhalation, and the actual flow rate of the first flow of
gas is less than the delivery flow rate during patient
exhalation.

9. The apparatus (100) according to claim 7, wherein
the flow divider (114) comprises:

a first compartment (136) having a first compart-
ment discharge port (140); and
a second compartment (142) having a second
compartment discharge port (146) extending co-
axially with the first compartment discharge port
(140), the second compartment (142) including
a heater adapted to heat the second flow of the
gas, wherein the first compartment discharge
port (140) is in fluid communication with the first
gas flow path (138) and the second compart-
ment discharge port (146) is in fluid communi-
cation with the second gas flow path (144).

10. The apparatus (100) according to claim 5, wherein
the humidification canister (104) further comprises
a pressurization path between the second gas flow
path (144) and the fluid supply chamber (232) to
pressurize the fluid supply chamber (232) with the
second flow of gas.

Patentansprüche

1. Vorrichtung (100) zum Bereitstellen von Atemgas für
einen Patienten, umfassend:

eine Basiseinheit (102), die dazu konfiguriert ist,
einen ersten Gasstrom und einen zweiten Gas-
strom bereitzustellen;
einen Befeuchtungsbehälter (104), der dazu
konfiguriert ist, lösbar an die Basiseinheit (102)
gekoppelt zu sein, wobei der Befeuchtungsbe-
hälter (104) eine Befeuchtungskammer (230)
und
eine Isolierungskammer (233) beinhaltet, wobei
der Befeuchtungsbehälter (104) einen ersten
Gasstrompfad (138) in Kommunikation mit der
Befeuchtungskammer (230) und einen zweiten
Gasstrompfad (144) in Kommunikation mit der
Isolierungskammer (233) beinhaltet, wobei die
Befeuchtungskammer (230) dazu konfiguriert
ist, den ersten Gasstrom zu empfangen und zu
befeuchten, wobei die Isolierungskammer (233)
die Befeuchtungskammer (230) zumindest teil-
weise umgibt; und
eine Freisetzungsschlauchbaugruppe (106),
die dazu konfiguriert ist, an den Befeuchtungs-
behälter (104) gekoppelt zu sein, wobei die Frei-
setzungsschlauchbaugruppe (106) ein erstes
Lumen (802), das zur Fluidkommunikation mit
dem ersten Gasstrompfad konfiguriert ist, um
den befeuchteten ersten Gasstrom zu empfan-
gen, und ein zweites Lumen (808), das dazu
konfiguriert ist, den zweiten Gasstrom zu emp-
fangen, beinhaltet.

2. Vorrichtung (100) nach Anspruch 1, wobei der Be-
feuchtungsbehälter (104) eine Fluidzufuhrkammer
(232) umfasst, die dazu konfiguriert ist, ein Fluid in
Fluidkommunikation mit dem ersten Gasstrompfad
zu enthalten.

3. Vorrichtung (100) nach Anspruch 2, wobei die Ba-
siseinheit (102) eine Fluidheizung umfasst, die dazu
konfiguriert ist, das Fluid in dem Befeuchtungsbe-
hälter (104) zu erwärmen.

4. Vorrichtung (100) nach Anspruch 2, wobei der Be-
feuchtungsbehälter (104) ferner eine Membran zwi-
schen der Fluidzufuhrkammer (232) und dem ersten
Gasstrompfad (138) umfasst.

5. Vorrichtung (100) nach Anspruch 2, wobei die Be-
feuchtungskammer (230) dazu konfiguriert ist, Fluid
von der Fluidzufuhrkammer (232) zu empfangen, um
den ersten Gasstrom mit dem Fluid von der Fluidzu-
fuhrkammer (232) zu befeuchten.

6. Vorrichtung (100) nach Anspruch 5, wobei die Ba-
siseinheit (102) ferner eine Gasheizung (180) um-
fasst, die dazu konfiguriert ist, den zweiten Gasstrom
zu erwärmen, sodass der erste Gasstrom in dem
Befeuchtungsbehälter (104) durch den zweiten Gas-
strom isoliert ist.
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7. Vorrichtung (100) nach Anspruch 1, wobei die Ba-
siseinheit Folgendes umfasst:

eine Gasstromquelle (702, 704), die dazu kon-
figuriert ist, einen anfänglichen Gasstrom frei-
zusetzen; und
einen Stromteiler (114) in Fluidkommunikation
mit der Gasstromquelle (702, 704), der dazu
konfiguriert ist, den anfänglichen Gasstrom in
den ersten Gasstrom und den zweiten Gas-
strom zu teilen.

8. Vorrichtung (100) nach Anspruch 7, wobei die Gas-
stromquelle (702, 704) dazu konfigurierbar ist, den
ersten Gasstrom mit einem Freisetzungsdurchsatz
an den Patienten freizusetzen, ein tatsächlicher
Durchsatz des ersten Gasstroms größer als der Frei-
setzungsdurchsatz während einer Einatmung des
Patienten ist und der tatsächliche Durchsatz des ers-
ten Gasstroms geringer als der Freisetzungsdurch-
satz während einer Ausatmung des Patienten ist.

9. Vorrichtung (100) nach Anspruch 7, wobei der
Stromteiler (114) Folgendes umfasst:

einen ersten Einsatz (136) mit einem ersten Ein-
satzausgabeanschluss (140); und
einen zweiten Einsatz (142) mit einem zweiten
Einsatzausgabeanschluss (146), der sich koa-
xial zu dem ersten Einsatzausgabeanschluss
(140) erstreckt, wobei der zweite Einsatz (142)
eine Heizung beinhaltet, die ausgelegt ist, um
den zweiten Gasstrom zu erwärmen, wobei der
erste Einsatzausgabeanschluss (140) mit dem
ersten Gasstrompfad (138) in Fluidverbindung
steht und der zweite Einsatzausgabeanschluss
(146) mit dem zweiten Gasstrompfad (144) in
Fluidverbindung steht.

10. Vorrichtung (100) nach Anspruch 5, wobei der Be-
feuchtungsbehälter (104) ferner einen Druckbeauf-
schlagungspfad zwischen dem zweiten Gasstrom-
pfad (144) und der Fluidzufuhrkammer (232) um-
fasst, um die Fluidzufuhrkammer (232) mit dem
zweiten Gasstrom unter Druck zu setzen.

Revendications

1. Appareil (100) pour fournir du gaz respiratoire à un
patient comprenant :

une unité de base (102) conçue pour fournir un
premier écoulement de gaz et un second écou-
lement de gaz ;
une cartouche d’humidification (104) conçue
pour être accouplée de manière amovible à l’uni-
té de base (102), la cartouche d’humidification

(104) comportant une chambre d’humidification
(230) et une chambre d’isolation (233), la car-
touche d’humidification (104) comportant un
premier chemin d’écoulement de gaz (138) en
communication avec la chambre d’humidifica-
tion (230) et un second chemin d’écoulement de
gaz (144) en communication avec la chambre
d’isolation (233),
la chambre d’humidification (230) étant conçue
pour recevoir et humidifier le premier écoule-
ment de gaz, la chambre d’isolation (233) en-
tourant au moins partiellement la chambre d’hu-
midification (230) ; et
un ensemble tube de distribution (106) conçu
pour être accouplé à la cartouche d’humidifica-
tion (104), l’ensemble tube de distribution (106)
comportant une première lumière (802) conçue
pour une communication fluidique avec le pre-
mier chemin d’écoulement de gaz pour recevoir
le premier écoulement de gaz humidifié et une
seconde lumière (808) conçue pour recevoir le
second écoulement de gaz.

2. Appareil (100) selon la revendication 1, dans lequel
la cartouche d’humidification (104) comprend une
chambre d’alimentation en fluide (232) conçue pour
maintenir un fluide en communication fluidique avec
le premier chemin d’écoulement de gaz.

3. Appareil (100) selon la revendication 2, dans lequel
l’unité de base (102) comprend un dispositif de
chauffage de fluide conçu pour chauffer le fluide
dans la cartouche d’humidification (104).

4. Appareil (100) selon la revendication 2, dans lequel
la cartouche d’humidification (104) comprend en
outre une membrane entre la chambre d’alimenta-
tion en fluide (232) et le premier chemin d’écoule-
ment de gaz (138).

5. Appareil (100) selon la revendication 2, dans lequel
la chambre d’humidification (230) est conçue pour
recevoir du fluide provenant de la chambre d’alimen-
tation en fluide (232) pour humidifier le premier écou-
lement de gaz avec le fluide provenant de la chambre
d’alimentation en fluide (232).

6. Appareil (100) selon la revendication 5, dans lequel
l’unité de base (102) comprend en outre un dispositif
de chauffage de gaz (180) conçu pour chauffer le
second écoulement de gaz de telle sorte que le pre-
mier écoulement de gaz dans la cartouche d’humi-
dification (104) est isolé par le second écoulement
de gaz.

7. Appareil (100) selon la revendication 1, dans lequel
l’unité de base comprend :
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une source d’écoulement de gaz (702, 704) con-
çue pour distribuer un écoulement initial de gaz ;
et
un séparateur d’écoulement (114) en commu-
nication fluidique avec la source d’écoulement
de gaz (702, 704) conçu pour séparer l’écoule-
ment initial du gaz en le premier écoulement de
gaz et le second écoulement de gaz.

8. Appareil (100) selon la revendication 7, dans lequel
la source d’écoulement de gaz (702, 704) peut être
conçue pour distribuer le premier écoulement de gaz
jusqu’au patient à un débit de distribution, un débit
réel du premier écoulement de gaz est supérieur au
débit de distribution durant l’inspiration du patient,
et le débit réel du premier écoulement de gaz est
inférieur au débit de distribution durant l’expiration
du patient.

9. Appareil (100) selon la revendication 7, dans lequel
le séparateur d’écoulement (114) comprend :

un premier compartiment (136) ayant un pre-
mier orifice d’évacuation de compartiment
(140) ; et
un second compartiment (142) ayant un second
orifice d’évacuation de compartiment (146)
s’étendant de manière coaxiale avec le premier
orifice d’évacuation de compartiment (140), le
second compartiment (142) comportant un dis-
positif de chauffage adapté pour chauffer le se-
cond écoulement de gaz, dans lequel le premier
orifice d’évacuation de compartiment (140) est
en communication fluidique avec le premier che-
min d’écoulement de gaz (138) et le second ori-
fice d’évacuation de compartiment (146) est en
communication fluidique avec le second chemin
d’écoulement de gaz (144).

10. Appareil (100) selon la revendication 5, dans lequel
la cartouche d’humidification (104) comprend en
outre un chemin de mise sous pression entre le se-
cond chemin d’écoulement de gaz (144) et la cham-
bre d’alimentation en fluide (232) pour mettre sous
pression la chambre d’alimentation en fluide (232)
avec le second écoulement de gaz.

27 28 



EP 2 178 590 B1

16



EP 2 178 590 B1

17



EP 2 178 590 B1

18



EP 2 178 590 B1

19



EP 2 178 590 B1

20



EP 2 178 590 B1

21



EP 2 178 590 B1

22



EP 2 178 590 B1

23



EP 2 178 590 B1

24



EP 2 178 590 B1

25



EP 2 178 590 B1

26



EP 2 178 590 B1

27



EP 2 178 590 B1

28



EP 2 178 590 B1

29



EP 2 178 590 B1

30



EP 2 178 590 B1

31



EP 2 178 590 B1

32



EP 2 178 590 B1

33



EP 2 178 590 B1

34



EP 2 178 590 B1

35



EP 2 178 590 B1

36



EP 2 178 590 B1

37



EP 2 178 590 B1

38

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 5031612 A [0002]
• US 4838258 A [0002]
• US 3923057 A [0002]
• US 4753758 A [0002]
• US 2004050386 A [0002]

• GB 2252515 A [0002]
• US 4648395 A [0002]
• US 940793 [0027]
• US 11940867 B [0027]


	bibliography
	description
	claims
	drawings
	cited references

